bolization has been described as a strategy for reducing tumor size or reducing the tumors' propensities to bleed, respectively. 4, 11, 18, 19, 22, 27 However, each operative approach, as well as any adjunct therapy, has potential complications, so it is essential that methodologies and their outcomes be studied as rigorously as possible despite the rarity of this pathology. It is with this rationale that we sought to examine the outcomes of patients whose tumors are surgically treated with the superior parietal lobule approach without adjunct therapy.
methods
We conducted a retrospective review of all 9 children who presented to Columbia University/Morgan Stanley Children's Hospital of New York with a tumor in the atrium of the lateral ventricle between 1998 and 2012 that was later confirmed histologically to be WHO Grade I CPP. Inpatient and outpatient charts were reviewed, including clinical notes, operative notes, laboratory findings, and vital signs as well as pre-and postoperative images and pathology reports. All patients underwent open surgery via a superior parietal lobule approach, and neither an endoscope nor adjunct therapy was used.
Generally, patients underwent volumetric contrastenhanced MRI, and stereotaxy was employed. General anesthesia was induced and antiepileptic medications, dexamethasone, and antibiotics were administered. Most patients were placed in a supine position, a shoulder roll positioned contralateral to the lesion, and the patient's head turned toward the side of the lesion to allow the surgeon access to the superior parietal lobule. Some patients were placed in the lateral position, and 1 was prone with the head slightly turned. For very young patients their heads were placed on horseshoe cerebellar headrests, whereas for older patients their heads were placed in Mayfield three-point fixation. Using stereotaxy, the specifics of the incision, craniotomy, and corticectomy were chosen to optimize a favorable approach through the superior parietal lobule toward each tumor's vascular pedicle. Once the ventricle was entered, the operating microscope was used to resect the tumor. To reach the vascular pedicle as directly as possible while avoiding the bleeding that can result from excessive manipulation of tumor, the dorsal aspect of the tumor was cauterized and shrunk superficially just enough to allow visualization of the pedicle over the superior side of the tumor. Beginning at this point, the extent of the vascular pedicles were cauterized and divided along the choroid fissure of the atrium, body, and temporal horn of the ventricle as necessary, and cautery was used for intermittent shrinking of the tumor to allow better visualization and maneuverability. The devascularized tumors were then removed in a piecemeal fashion. An external ventricular drain was left in place in all patients for 2-3 days to assist wound healing, document normal pressures, and document lack of growing ventricles on postoperative MRI. Meticulous hemostasis was then obtained, and the wound was closed in layers in routine fashion. Primary dural closure was performed without a dural graft. The patients recovered in the intensive care unit, and all drains were removed at the bedside within the first 3 postopera- 
results

Presentation
Nine patients (5 girls and 4 boys) were treated during the study period, and the median age was 7 months (range 2-112 months). The most common presenting symptoms or signs were bulging fontanel and developmental delay, each seen in 3 patients. Nausea and vomiting were documented in 2 patients at presentation, and 2 other patients presented with abnormal head growth, with head circumference crossing percentiles. Two patients were asymptomatic: Patient 3 had hydrocephalus, and the tumor was noted on screening MRI for her Aicardi syndrome; and Patient 8 was diagnosed with the tumor on prenatal ultrasound, and though hydrocephalus was not yet apparent, the lesion was noted to grow on serial postnatal imaging, prompting surgery.
Seven of 9 tumors were left sided. One tumor was relatively small at 2.0 × 1.1 × 1.0 cm, found in a 6-year-old boy who presented with developmental delay and seizure. The remainder of the tumors measured between 4.3 and 6.3 cm in greatest dimension (Table 1 ). Figure 2 shows MR images of representative tumors from 4 patients.
complications
There were no intraoperative complications. In the immediate postoperative period, seizures occurred in 2 patients (Table 2 ). In 1 patient (Patient 2) the phenytoin level was subtherapeutic. Both patients responded to administration of antiepileptic medications and remained seizure free. There were no new neurological deficits on clinical examination, but in detailed ophthalmological follow-up, 1 small extreme-lateral visual field deficit was noted.
hemodynamics
Preoperative hematocrit was available for 8 of 9 patients, and the mean was 35.0%. Estimated intraoperative blood loss was less than 100 ml for all 9 patients. All patients had a series of postoperative blood counts, the frequency and duration of which were based on the clinical judgment of the attending pediatric neurosurgeon and pediatric critical care attending physician. The mean of all patients' postoperative hematocrit nadirs was 26.9% (range 19.6%-36.2%). For the 8 of the 9 patients for whom pre-and postoperative hematocrits were available, the mean of the decreases in hematocrit was 7.2% points (range +1.2% to -13.8% points). Seven of these 9 nadirs occurred on the day of surgery or the day following surgery ( Table 2 ). All patients remained hemodynamically stable throughout their hospital course, and no patient required a blood transfusion.
clinical Follow-up
All patients underwent postoperative clinical followup as outpatients, and the mean follow-up period was 39 months. On extended follow-up, Patient 9 demonstrated a small isolated extreme-lateral visual field deficit. No other neurological symptoms noted in follow-up were considered attributable to surgery but, rather, were attributed to underlying neurological disorders or prior hydrocephalus at a younger age. Patient 2 had a Dandy-Walker malformation, autism, and language problems; Patient 3 had Aicardi syndrome with resultant developmental delay; Patient 6 had attention deficit problems at 8 years of age; Patient 7 was substantially improving in his developmental delay but was still having language, balance, and chewing problems at 1 year of follow-up; and Patient 8 had mild incoordination and a lisp at 4 years of age. None of the patients with follow-up demonstrated any progressive or disabling neurological deficit (Table 2) . Both infants who presented with abnormal head growth experienced a return to a normal head size and growth trajectory within 4 months of surgery. No patient required another operation for tumor or hydrocephalus. No patient underwent shunt placement.
radiographic outcome
Contrast-enhanced MRI was performed in 8 of 9 patients during the follow-up period, with a mean MRI follow-up of 20 months (range 2 days to 55 months) ( Table 2) . No patient exhibited residual or recurrent tumor, nor did any exhibit progression of hydrocephalus.
discussion
We report our experience with 9 consecutive patients harboring CPPs in the atrium of the lateral ventricle treated with surgery alone via the superior parietal lobule approach. No patient experienced substantial intraoperative blood loss, developed hemodynamic instability, or had a hematocrit below 19.6%, and no patient required a blood transfusion. No patient developed a disabling neurological deficit, demonstrated residual or recurrent tumor on MRI, or required a shunt or repeat resection. Furthermore, none of our patients were subjected to the risks inherent in angiography with embolization, radiation, or chemotherapy.
Twelve percent of brain tumors in infants are CPPs, which typically arise in the lateral ventricle of the very young and cause overproduction hydrocephalus. 9, 12, 13, 16, 23 Their benign nature and intraventricular, noninfiltrative nature renders them surgically curable. 15, 20, 27 Gross-total resection has been associated with excellent prognosis, 9,18,20 with 5-year survival being close to 100% after complete resection, but survival is only 56% after subtotal resection. 6, 14, 15, 17, [19] [20] [21] 24, 27 Complete initial removal of the tumor is essential to prevent further tumor growth or recurrence, malignant degeneration, 5 continued overproduction of CSF and hydrocephalus, the need for adjuvant therapies such as radiotherapy or chemotherapy, or the morbidity of repeat surgery. 
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The highly vascular nature of these lesions and frequently very small size of the patient, however, can result in clinically significant, and potentially fatal, intraoperative blood loss. 1, 3, 7, 10, 11, 20 One recent series documented a mean intraoperative blood loss of 182% of each patient's blood volume for unembolized CPPs. 11 In published series, the perioperative mortality rate has been reported to range from 0% to 25%, 3, 7, [9] [10] [11] [12] 16, 20, 23 and the mortality rate attributed to blood loss has been reported to be as high as 12%. 12 In response to this difficulty, endovascular embolization has been advocated as a means to reduce intraoperative blood loss for these tumors. 6, 19, 20 It has also been suggested that less intraoperative bleeding due to embolization leads to a higher rate of complete resection and better outcome. 11 However, many series have reported a low rate of successful embolization when attempted due to small tortuous vessels that are difficult or impossible to cannulate, or feeding arteries that are judged to also perfuse deep brain structures. 1, 17, 20 In addition to these technical difficulties, angiography and embolization are accompanied by small risks of stroke and other complications and should particularly be avoided in the very young because of both deterministic and stochastic long-term radiation effects. It has been estimated that a cerebral embolization procedure in a child may increase the relative risk of developing a brain tumor by 2%-80%. 2, 25, 26 Other toxic treatments like radiotherapy 12 and chemotherapy 1 have also been described to reduce size and vascularity of these benign tumors preoperatively or to treat residual tumor postoperatively.
Blood transfusion is also not without risk, but it may be routine management at many centers for patients undergoing CPP surgery. Intraoperative or postoperative blood transfusion has been mentioned in some small series, 18, 20 and in 1 modern series, intraoperative and postoperative transfusion appeared to be routine management. 11 In fact, 2 of the most recent large series have each documented a mean intraoperative blood loss over 100% of each patient's total blood volume, suggesting that most patients at those centers are being transfused routinely. This, taken with the frequent discussion of blood loss and resultant death reported in the literature, suggests that blood transfusion is commonly performed in these patients, though most series do not provide detail on or discussion of the topic. The present study demonstrates that with the corridor provided by the superior parietal lobule approach to the vascular supply of these tumors, neither embolization nor transfusion is necessary in most cases to maintain normal hemodynamics in the intra-and postoperative periods.
High rates of ventriculoperitoneal 7, 15, 18, 20 or subduralperitoneal 20 shunting have also been reported. Shunting is another adjunct treatment that entails well-known risks. Using our management approach, none of our patients required shunting or any other CSF diversion procedures. Our use of postoperative external ventricular drainage in selected patients may have contributed to our lack of symptomatic subdural collections, which has been suggested by the experience of other surgeons. 18, 20 Beyond this, it is not clear why our shunt rate is so different from that reported by other practitioners. Continued pathological hydrocephalus could be a result of persistent tumor, and our lack of shunting may be supported by our complete removal of tumor. Other authors have proposed that hydrocephalus after radiographically confirmed gross-total resection suggests that the hydrocephalus is not entirely from overproduction. 18 Significant intraoperative bleeding, frequently reported in published series, can cause hydrocephalus requiring shunting, and our approach and lack of intraoperative blood loss into the ventricles may also be partly responsible for our relatively low rate of postoperative shunting. We believe that ventricles in these patients with severe hydrocephalus due to CPP from a young age will remain enlarged to some degree indefinitely and would consider shunt placement warranted if a patient were not improving clinically as expected, if an infant's head did not resume a normal growth rate, or if the patient exhibited symptoms in the follow-up period or other symptoms specifically attributable to hydrocephalus. However, considering that the rationale for shunting is not commonly discussed in the literature on these patients, attributing the different shunt rates to differing clinical philosophies remains speculative.
There are a variety of surgical corridors that can be used to approach the atrium of the lateral ventricle. A cortical incision can be made in various regions, and interhemispheric approaches are also possible. Endoscopy has also been advocated in the approach to these tumors. Highly vascular, complex intraventricular lesions, when bleeding, can be more challenging to control endoscopically, depending heavily on the experience of the surgeon. Considering the evidence supporting the importance of gross-total resection, it is essential that the approach chosen allows the surgeon to achieve this result while avoiding or maintaining control over potentially catastrophic bleeding. Even in recent series, only 54% of unembolized CPPs were completely resected. 11 The superior parietal lobule approach has been reported for CPPs of the atrium, 8, 17 and in the current series, it provided excellent exposure and afforded vascular control over all tumors, allowing complete resection with minimal blood loss. There are several rationales for this approach over others. First, having the lesion side of the head down and using a medial approach affords the least amount of retraction and tumor manipulation when approaching the vascular pedicle since the tumor is retracted by gravity. The superior parietal lobule approach also allows the surgeon to visualize the entirety of the vascular pedicle, from the choroidal vessels in the temporal horn to those in the body of the ventricle, as well as in the atrium, achieving complete control for any tumor, regardless of from which region or regions its blood supply comes. Most of these tumors arise on the left side, and the superior parietal lobule approach has the advantage over a temporal approach of avoiding retraction in the dominant temporal lobe for these tumors.
Limitations of this study include its retrospective nature, the small number of patients (n = 9), the relatively short follow-up (mean 39 months), and the fact that it is a single-surgeon series. Furthermore, we recognize that training and comfort with approaches vary substantially among neurosurgeons, and these factors should always play a large role in surgical decision making.
conclusions
This is the first reported series of CPPs in the atria of children to demonstrate a management approach that avoids the risks and side effects of angiography, embolization, blood transfusion, radiotherapy, chemotherapy, shunt placement, and repeat surgery in all patients while achieving excellent neurological and radiological results.
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